Transcription initiation in the insulin-like growth factor-I (IGF-I) gene Insulin alone increased transcripts initiated from exon 1, site 2 by over 3 times, and both sites 1 and 2 spliced and exon 2 transcripts by about 5 times. GH alone had similar effects, producing a 4\p=n-\5times increase in transcripts from these initiation sites. Addition of both insulin and GH had additive effects, increasing transcripts from exon 1, sites 2, 3 and 4 by 4\p=n-\6times, and from exon 1, sites 1 and 2 spliced, and exon 2 by over 8 times. Of the total IGF-I mRNA transcripts, 37% were initiated from sites 2 and/or sites 1 and 2 spliced, and 37% from exon 2. Analysis of the relative contribution of individual initiation sites revealed hormone-induced increases which were statistically significant only for exon 2, in the presence of insulin alone and in combination with GH.
in intact animals. To examine the impact of insulin and growth hormone (GH) under more controlled conditions, we have studied the utilization of different exon 1 and exon 2 transcription-initiation sites in normal rat hepatocytes in primary culture. Normal rat hepatocytes were cultured for 48 h in serum-free medium, with insulin at 10\m=-\6or 10\m=-\11m, and with or without human GH 200 ng/ml. Relative abundance of IGF-I transcripts was evaluated by the RNase-protection assay, using a probe which permitted identification of initiation in exon 1 (site 1 (\m=-\ 380 bp from the 3\ m=' \ end of exon 1), site 2 (\m=-\ 343 bp), site 3 (\m=-\ 242 bp), sites 1 and 2 spliced, and site 4 (\m=-\ 32 bp)), as well as in exon 2. After normalization of signal intensity to adjust for differences in length of protected probe, the utilization of initiation sites in vitro was remarkably similar to that in vivo: 1, 14, 6, 23, 19 and 37% for sites 1, 2, 3, 1 and 2 spliced, 4 and exon 2 respectively in the cultured hepatocytes, compared with 1, 12, 8, 21, 18 and 40% for these sites in normal liver.
Insulin alone increased transcripts initiated from exon 1, site 2 by over 3 times, and both sites 1 and 2 spliced and exon 2 transcripts by about 5 times. GH alone had similar effects, producing a 4\p=n-\5times increase in transcripts from these initiation sites. Addition of both insulin and GH had additive effects, increasing transcripts from exon 1, sites 2, 3 and 4 by 4\p=n-\6times, and from exon 1, sites 1 and 2 spliced, and exon 2 by over 8 times. Of the total IGF-I mRNA transcripts, 37% were initiated from sites 2 and/or sites 1 and 2 spliced, and 37% from exon 2. Analysis of the relative contribution of individual initiation sites revealed hormone-induced increases which were statistically significant only for exon 2, in the presence of insulin alone and in combination with GH.
In conclusion, in cultured hepatocytes, insulin or GH alone produced a coordinated increase in all exon 1 transcripts, and the effect of the combination of insulin and GH was additive for these transcripts. Exon 2 appeared Introduction Insulin-like growth factor-I (IGF-I) is a 70-amino acid polypeptide with broad anabolic insulin-like actions and structural homology with proinsulin (Phillips & Vassilopoulou-Sellin 1980 (Fig. le) . (Fig. lb) . In cultured hepatocytes, the relative contribution of the transcription-initiation sites was 63% for sites in exon 1 and 37% for sites in exon 2 (Fig. 2) . (Fig. 3) . The total IGF-I transcripts produced when hepatocytes were cultured with a low concentration of insuhn and with no GH was taken as the baseline for the purposes of comparison with other culture conditions. There was a 3-to 4-fold increase in total IGF-I mRNA abundance when insulin at 10 M was added with¬ out GH, and a similar increase when GH was added in the presence of 10 m insulin. The presence of both 10~' m insulin and GH induced an additive increase in IGF-I transcripts.
The effect of insulin and GH on transcription-initiation site utilization was then determined. The amount of transcripts from an individual initiation site, under con¬ ditions of low insulin and no added GH, was compared with the amount of that transcript produced in the other culture conditions (Fig. 4) (1992) found that in adult rats, kidney and brain exhibited a pattern of exon 1 transcription similar to that of liver, whereas testis and lung used initiation site 3 prefer¬ entially, and stomach, heart and muscle used initiation site 3 predominantly. In those tissues where exon 2 transcripts are found (testis, lung, stomach and kidney), the pattern of exon 2 transcription initiation was similar to that in adult rat liver. Differences in site utilization were also noted during the process of development, where transcripts initiated from site 2 and in exon 2 increase in the kidney but remain constitutive m stomach and lung (Shemer et al. 1992) . As IGF-I production is also activated during local repair processes (Edwall et al. 1989 , Matejka & Jennische 1992 . it is possible that further differences in utilization of transcription-initiation sites will be found when additional in vitro models of extrahepatic IGF-I production are examined. 
